Memantine, an N-methyl-d-aspartate receptor antagonist, is a well-established treatment option for moderate-to-severe cognitive impairment related to Alzheimer disease. Recently, growing evidence has indicated memantine might also be effective in treatment of affective disorders. The common drug-induced adverse events of memantine include confusion, dizziness, drowsiness, headache, insomnia, and agitation. Herein, we presented a case of a 73-year-old female patient with vascular neurocognitive disorder, who developed a manic episode after taking memantine.
Introduction
The glutamatergic system is one of the major excitatory neurotransmission systems in the central nervous system. Homeostasis in glutamate neurotransmission is fundamental for brain function. The N-methyl-d-asparate (NMDA) receptor plays an important role in glutamate neurotransmission. 1 As a noncompetitive and low-affinity antagonist of the NMDA receptor, memantine is a well-established treatment option for moderate-tosevere cognitive impairment related to Alzheimer disease. 2 In recent years, new applications of memantine has also been proposed for the treatment of acute manic episode and prevention of recurrent mood fluctuation. 3 Memantine has been used as an adjuvant to treat major depressive disorder, bipolar disorder, and schizophrenia. [4] [5] [6] [7] Though the mechanisms of memantine for treating psychiatric disorders remains unclear, memantine can block the NMDA receptor competitively in the frontal cortex 8 and then inhibit the function of glutamate, which further exert antidepressant effects. 9 In this case study, we reported a 73-year-old woman with vascular dementia who experienced a manic episode after taking memantine. This case may help to enrich our understanding of neuropsychiatric adverse effects of memantine in elderly individuals.
Case report
A 73-year-old woman was admitted to our hospital because of deterioration of memory and abnormal behavior for more than 1 year. According to her medical records, this patient had suffered from major depressive disorder for more than 40 years and initiated antidepressive therapy 10 years before this admission. She had taken mirtazapine and olanzapine for 1 year, and her mood improved and stabilized. She gradually stopped these medications under the surveillance of her doctor. Four years before admission, the patient suffered from acute cerebral infarction, which was 
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Duan et al possibly caused by atrial fibrillation. Her emotional level went down after this cerebrovascular accident. She became depressed and nervous, had difficulty in falling asleep, and would complain that somebody wanted to hurt her and her family members. She felt hopeless about her life and lay in bed every day. During that period, she hardly spoke and refused to eat. She was brought to our hospital, and cranial magnetic resonance imaging (MRI, 1.5T) revealed multiple encephalomalacia in the right cerebellar hemisphere, left occipital lobe, and left pons, along with ischemic changes in the bilateral periventricular regions and bilateral centrum semiovale ( Figure 1 ). She was then sent to our department for further treatment. On admission, she was diagnosed with depressive syndrome caused by cerebral infarction and atrial fibrillation. Quetiapine (300 mg per night) combined with venlafaxine (225 mg per day) were prescribed. Her condition gradually stabilized in the following 2 months. This patient continued to take these medications, and 2 years before this admission, the dose of venlafaxine was reduced to 150 mg per day, and quetiapine 200 mg per night.
On this admission, the patient was well-orientated, but euphoric, childish, loss of self-insight, and abnormal behavior, such as garbage sorting and picking flowers, was observed. No hallucination or delusion was reported. Laboratory examinations, including routine blood test, biochemical profiles, tumor markers, infectious diseases, and thyroid function, were all within the normal reference ranges. Cranial MRI scanning was performed again, and the findings were similar to the previous examination (Figure 2) . No acute cerebrovasuclar events were reported.
The patient scored 18/30 on the Mini-Mental State Examination, and she had graduated from a senior high school. According to the Diagnostic and Statistical Manual of Mental Disorders (fifth edition), she was diagnosed with vascular neurocognitive disorder, with behavioral disturbance. Accordingly, venlafaxine was discontinued and the dose of quetiapine was increased to 400 mg per night. Meanwhile, donepezil 5 mg per night was also added for improving her cognitive function. However, she became emotionally unstable and fragile in the next 2 days, often crying and making noises by herself. The patient repetitively complained that she was abandoned by her children, and she would sometimes cry and sometimes smile for no reason. Escalating the dose of quetiapine to 600 mg per night also showed no significant improvement.
Due to the poor treatment outcome, donepezil was discontinued and memantine at a dose of 10 mg per night was initiated. Her symptoms visibly ameliorated in 2 days. However, after taking memantine for 1 week, the patient became more and more excited and talkative. She could not stop talking and repetitively sought doctors for chatting. She laughed all the time, and even began to practice Tai chi in the ward. In view of her overexcitement, memantine was stopped and lithium carbonate 300 mg twice a day was prescribed. After ensuing the serum concentration of lithium was within the normal reference range, the dose of lithium carbonate was increased to 300 mg 3 times a day. Her emotions finally stabilized after taking lithium carbonate for 5 days.
The Institute Ethical Committee of the First Affiliated Hospital, Zhejiang University School of Medicine, approved this case study. Written informed consent for publication of this case and any accompanying image was obtained from our patient and her guardian.
Discussion
In this case study, we reported a case of a 73-year-old woman with vascular neurocognitive disorder who experienced a manic episode after taking memantine. To the best of our knowledge, this is the first report of a memantine-associated manic episode. Memantine is an uncompetitive, low-affinity antagonist of glutamatergic NMDA receptors that acts in a voltage-dependent pattern, which is the basis of its effect against NMDA receptor-mediated neurotoxicity. 10, 11 Memantine selectively bound to extrasynaptic NMDA receptors rather than synaptic NMDA receptors, thus preserving the normal synaptic activities. 12 Activation of NMDA receptors could result in manic-like behaviors; thus, inhibition of these receptors was considered to have an antimanic effect. 3 This was consistent with previous findings in animal models and humans that memantine has mood-stabilizing and antimanic effects. 1, [4] [5] [6] The mechanisms underlying these effects were hypothesized to be the antagonism of extrasynaptic NMDA receptors and preventing the sensitization of dopamine receptors. 3, 12 Nonetheless, previous studies also indicated the potential antidepressant effect of NMDA receptor antagonists. 13 The most studied medication is ketamine, and its antidepressant efficacy is robust and rapid. 13 As for memantine, two recent meta-analyses/systematic reviews revealed no favored effects versus placebo for treatment of depression in patients with unipolar or bipolar depression. 14, 15 These findings were consistent with an animal study that ketamine, but not memantine, had a rapid antidepressant response. 16 However, there were a few studies that provided some evidences for the antidepressant role of memantine. A randomized, doubleblinded study also identified that augmentation of memantine could speed up the treatment response and lead to an early antidepressant effect in patients with bipolar depression. 17, 18 A case reported demonstrated that 10-week adjunctive memantine treatment significantly improved depressive symptoms, cognitive function, and life quality in a patient with bipolar depression. 19 Of note, memantine could also reduce the cognitive impairment following electroconvulsive therapy. 20 In addition to the glutaminergic neurotransmitter system, memantine can also act on the monoamine system and lead to antidepressant effects. 21 For our patient, multiple encephalomalacia was indicated by cranial MRI scanning in the right cerebellar hemisphere, left occipital lobe, and left pons. No additional lesion was revealed in the recent MRI examination. Therefore, the manic episode was unlikely caused by these lesions. Her manic episode was just 1 week after taking memantine. According to the scale for assessing the probability of drug adverse events, a relationship between the manic episode and memantine was probable. 22 To conclude, this single case report presented a memantineassociated manic episode in an elderly female patient with vascular neurocognitive disorder and recurrent depression.
Close monitoring of mood change in elderly patients with memantine treatment is necessary.
